Many studies have demonstrated that lifestyle factors, including diet, may influence cancer survival. The number of cancer survivors is increasing worldwide and little is known about long-term diet changes in people who had cancer. We studied 53,981 women from the prospective E3N-EPIC cohort study with available dietary data in 1993 and 2005, among whom 4,619 had a cancer diagnosis inbetween (including n 5 2,699 breast cancers). We evaluated the potential impact of a cancer diagnosis (comparing women with cancer to women with no cancer) on changes in FV consumption using multivariable linear regression models considering cancer site, stage at diagnosis and socioeconomic factors. Compared to women with no cancer, a statistically significant increase in FV consumption (b512.65%, [1.22-4.09]) was observed in women who had cancer, and this association appeared to be driven by breast cancer exclusively. The increase in FV consumption was larger in women who had an advanced stage of breast cancer (stages II-IV) (b517.23%, [3.92-10.5]) than in women with stages 0-I (b512.03%, [20.20 to 4.26]). Women with no partner and no children were those having the highest increase in FV consumption (b5118.71%, [6.51-30.91]). These changes were only observed in specific SE groups. When considering adherence to guidelines, the proportion of women who consumed less than 7.5 portions a day in 1993 and more in 2005 was greater in women with advanced breast cancer. More research is now needed to understand how the inequities we observed impact the longterm health after cancer.
Introduction
Cancer is the second leading cause of death globally. 1 In 2012, 14.1 million new cancer cases were diagnosed worldwide, of which 1.67 million were breast cancers, the most frequently diagnosed cancer after lung cancer. 2 Cancer incidence and mortality are not equally distributed across populations. [3] [4] [5] For example, low socioeconomic (SE) groups are at increased risk of upper gastrointestinal, cervical or oro-sectional and cohort studies conducted among cancer survivors evidenced that obesity, physical inactivity and poor-quality diets are common in cancer survivors. 13 To our knowledge, only two studies have prospectively examined diet changes before and after cancer diagnosis, on a 6-to 7-year period of time. 14, 15 Because diets rich in fruit and vegetables (FV) have been consistently associated with improved overall health status, [16] [17] [18] [19] [20] [21] FV consumption is often used as the best proxy for overall diet quality. Based on data from the large prospective E3N-EPIC cohort study, our main objective was to assess the impact of a cancer diagnosis on the changes in FV consumption over a 12-year period (comparing women with cancer to women with no cancer), and evaluated whether such changes were different according to cancer site, stage at diagnosis and SE factors.
Materials and Methods
The E3N cohort study
The E3N-EPIC study is a prospective cohort study of 98,995 French women recruited from a national health insurance plan covering people working in the national education system. 22 E3N is the French component of the European EPIC study 23 and was initiated in 1990. All procedures are in accordance with the Helsinki Declaration of 1975 as revised in 1983, and are approved by the French National Commission for Computerized Data and Individual Freedom (CNIL). All women signed a letter of informed consent as required by the CNIL. Participants are sent questionnaires to update healthrelated information and newly diagnosed diseases every 2-3 years. The average follow-up response rate is 83%, with the exception of a 68% response rate to the demanding food questionnaires. Overall, the total loss to follow-up since 1990 is below 3%.
Study population
From the 98,995 women in the cohort, we included only the women who completed the first food frequency questionnaire (FFQ) in 1993 and the second FFQ in 2005 (n 5 60,381). Women with extreme values (below the 1st and above the 99th percentiles of the distribution in the population) for the ratio between energy intake and required energy (calculated as follows: basal metabolic rate*physical activity level) in at least one of the FFQs (n 5 2,188) and women with extreme values for the relative increase in either fruit, vegetable or FV consumption between 1993 and 2005 (n 5 719, above the 99th percentiles of the distribution in the population, that being above an eightfold increase between the two-time points) were excluded because we considered they had inaccurate reporting or mistakes. These unlikely high increases in FV consumption were mainly explained by under-or incorrect reporting of fruit consumption in 1993 (all the subcategories of fruit were concerned: fresh fruit, fruit in syrup, fruit puree and 100% pure fruit juice). Women with null fruit and/or vegetable consumption in 1993 (n 5 387) were also excluded because i) we were interested in the relative increase in either fruit, vegetable or FV consumption and ii) it seemed unlikely to have no intake of fruit and/or vegetables in 1993. The null intakes were also likely due to reporting errors. Finally, we excluded women with cancer diagnosed before the first FFQ (n 5 3,106). In total, our analysis included 53,981 women, among whom 4,619 had cancer diagnosed between the first and second FFQ (of which 2,699 were breast cancers). A total of 8,851 women had incident cases of other major chronic diseases (OCD), such as diabetes, cardiovascular disease or hypertension, and 40,511 women were women with no cancer and no OCD. They were therefore classified as women with no cancer. Women with cancer and OCD diagnosed between both FFQs were classified in the cancer group.
The validation algorithms for diabetes and OCD cases have already been described elsewhere. 24 
Ascertainment of cancer
The occurrence of cancer was identified from information provided in each follow-up questionnaire, which inquired about any cancer occurrence (including the date of diagnosis and site); next-of-kin spontaneous reports and the national cause-of-death registry. Pathology reports were obtained for 94% of incident cancers. Information on tumor characteristics such as stage at diagnosis was extracted from these reports. The analyses also included participants who reported a cancer diagnosis for which pathology reports had not been obtained because the proportion of false-positive self-reports was low (< 5%).
Dietary data
Dietary data were self-reported in June 1993 and July 2005 using a validated diet history questionnaire. 25 The questionnaire was divided into two parts. The first part quantified consumption by frequency (11 categories, from "never or less than once a month" to "seven times a week") and portion sizes per food group or food item, and was grouped by meal occasions (8 occasions from breakfast to after-dinner snacks, including occasions such as the aperitifs before lunch and dinner). The second part provided more detailed qualitative information on separate items within one food group previously reported in the first part. In total, we were able to compute quantities in grams per day for 238 items (foods and beverages).
Fruit and vegetable consumption
Definition of the FV group from the national dietary guidelines was used in our study. 26 The fruit group was composed of fresh fruit, fruit in syrup, fruit puree and 100% pure fruit juice. The vegetable group included cooked and raw vegetables, and soup.
Standard ratio of fruit and vegetable consumption in 1993 and 2005
To take the participants' caloric intakes into account, rather than looking at the crude consumption of FV in grams per day, we considered FV consumption as a function of energy intake as previous studies did, [27] [28] [29] using the "FV consumption/energy intake" ratio. The ratio provides an estimate of the contribution of FV to the overall energy intake. Because diet is a combination of various foods, we considered that women had healthier habits if they increased their FV consumption relatively to their energy intake (in comparison for instance with women who increased their FV consumption in the same proportion as their energy intake increase). The ratio was calculated in 1993 and 2005.
Relative changes in fruit and vegetable consumption over time
To study the changes in FV consumption over time, we considered changes in the daily FV intake to daily energy intake ratio between 1993 and 2005, respective to the ratio in 1993, being the relative change of the ratio over the 12-year period 
Fruit and vegetable consumption and adherence to guidelines
In the national guidelines (namely PNNS) 30 it is recommended to eat at least 5 portions of FV a day. However, when calculating the PNNS guidelines score, 30 an extra point is given to people who consume >7.5 portions of FV a day. Given the specificity of the E3N women (i.e., women who tended to be more educated and more health-conscious than the general population), to study adherence to guidelines, we chose to study the evolution of FV with respect to this threshold, rather than 5 a day.
Socioeconomic information
We focused our analyses on three individual and one contextual socioeconomic factors which had previously been reported of major importance when investigated in relation with diet in the E3N-EPIC study. 29, 31 The individual socioeconomic factors were as follows: level of education (three categories: < high school diploma, up to 2 years of university, >2 years of university), number of children (four categories: 0, 1, 2, 3 or more) and marital status (two categories: single vs. in couple). Number of children and marital status were combined into a unique "family status" variable (four categories: no partner and no children, no partner and at least one child, a partner and no children, a partner and at least one child). The contextual socioeconomic factor used here was the place of residence in 1993 (six categories: Paris and suburbs, North, West, East, Centre and South).
Individual characteristics
Age (divided in quartiles), body mass index (BMI, in kg/m 2 , <18.5/18.5-25/25-30/30), level of physical activity (divided in quartiles, in metabolic equivalents, MET-hr/week) and smoking status (three categories: non-smoker, former smoker and current smoker) were used as adjustment variables because they have been shown to be associated with diet as well as with the socioeconomic status. [32] [33] [34] [35] All data were available in 1993 and used as covariates in the statistical analyses.
Statistical analysis
For variables with <5% missing values, missing values were imputed with the median of the study population (quantitative variables) or the mode (qualitative variables). In the case of 5% of missing values (which was the case for the "stage at diagnosis" variable), a "missing" category was created.
Description of the population according to health status
Women were described in terms of socioeconomic factors, individual characteristics and energy and FV intakes at baseline, according to their health status. Women with cancer were also described according to cancer site (breast cancer vs. all other cancer sites) and stage at diagnosis (stages 0-I vs.
stages II-IV).
Relative changes in fruit and vegetable consumption in women with cancer diagnosis, compared to women with no cancer
Linear regression models were used to estimate if being an incident case of cancer had an impact on the changes in FV consumption between the two FFQs. Two dummy variables were created, one for the cancer group, the other one for the other chronic diseases (OCD) group, and inserted in the model as independent variables, while the group with no cancer was used as the reference group. Relative changes in the "FV consumption/energy intake" ratio between 1993 and 2005 were studied. Betas and confidence intervals were computed. Betas correspond to the relative change of the "FV consumption/energy intake" ratio. We first performed univariate analyses (Model 0), then we adjusted for age, BMI, physical activity, smoking status, family status, area of residence, energy intake, the "FV consumption/energy intake" ratio at baseline and level of education (Model 1).
Model 1 was then stratified according to stage and site at diagnosis and, tests for interaction with the socioeconomic factors (level of education, family status and area of residence) were performed. We considered to run stratified analyses when p < 0.20.
All statistical analyses were performed on SAS 9.4 (SAS Institute, Inc., Cary, NC). A p-value < 0.05 was considered statistically significant.
Results

Baseline characteristics
The main characteristics of the study population according to the women's health status are summarized in Table 1 . In 1993, women with incident cancer were similar to women with no cancer in terms of socioeconomic factors, physical activity level, smoking status, energy intake and FV consumption. They were older (29.6% vs. 23.6% of women with age >57.0 years) and had higher BMI (19.7% vs. 16.7% of overweight or obese women). On average, women were diagnosed 6 years after and before filling the first and second questionnaire, respectively (data not shown).
When focusing on cancer stage at diagnosis, no main difference was observed between the two groups (stages II-IV vs. stages 0-I) except that women with stages II-IV were more frequently living in Paris and suburbs (20.7% vs. 18.6%) and overweight or obese (22.0% vs. 18.6%).
Compared to other cancers, women who had a breast cancer diagnosis were more educated (38.3% vs. 34.4% of women with a level of education >2 years of university), more frequently living in Paris and suburbs (20.4% vs. 18.5%), younger (46.4% vs. 38.5% of women with age 51.3 years), less physically active (24.2% vs. 26.9% of women with a level of physical activity > 57.0 MET-hr/week), more frequently exsmoker (34.3% vs. 32.4%) and less frequently overweight or obese (17.5% vs. 22.8%).
Impact of cancer diagnosis on changes in fruit and vegetables intake over a 12-year period
In comparison to women with no cancer, an average 12.65% [1.22-4 .09] increase in FV consumption was observed in women with cancer (Table 2 ). This increase was larger in women with stages II-IV at diagnosis than in women with less advanced cancer (b515.03%, [2.29-7 .76] vs. b511.96%, [0.12-3.80]). In terms of absolute changes, women with stages II-IV at diagnosis had an increase in FV consumption and energy intakes of 134. Cancer site impact on changes in fruit and vegetables intakes over a 12-year period When considering cancer site, the above-reported changes were restricted to breast cancer. Women with a breast cancer diagnosis during the study period reported an increase in FV consumption at the second questionnaire (b513.31%, [1.48-5.14]), when compared to women with no cancer (Table 2) 
Socioeconomic factors and fruit and vegetables intakes among women who had cancer
We observed indications of interaction for all socioeconomic factors considered (p < 0.20). Analyses stratified by socioeconomic factors are presented in Table 3 . Below, only the results on women with breast cancer diagnosed at stages II-IV compared to women with no cancer are commented.
A significant increase in FV consumption was only observed in women with moderate (b515.01%, [0.51-9.51]) or high level of education (b5110.20%, [4.78-15 .62]).
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The increase was not statistically significant in women with a low level of education (b518.00%, [23.22 to 19.23] ) but, possibly due to the limited number of subjects in that group (n 5 5,417). Among women having a partner, an increase in FV consumption was observed in both groups (b516.46%, [2.72-10.20] for women having at least one child and b516.94%, [26.59 to 20.46 ] for women with no child) although the evolution did not statistically differ from 0 in the last category. Among single women, an increase in FV consumption was only observed among women with no child (b5118.71%, [6. 
Discussion
In the large E3N-EPIC cohort study, we investigated how cancer diagnosis affected women's FV consumption, used as a proxy of the overall diet quality, and whether the cancer site and stage at diagnosis, or the socioeconomic environment had an impact on the changes. Focusing on women who reported a positive FV consumption at baseline, we observed an increase in FV in women with cancer, in comparison to women with no cancer. The increase was restricted to breast cancers and was larger in women diagnosed with stages II-IV than in women with less advanced forms of breast cancer. When considering adherence to dietary guidelines, the proportion of women who consumed <7.5 portions a day in 1993 and more in 2005 was greater in women with advanced cancer, and more specifically in women with advanced breast cancer. Regarding socioeconomic factors, we observed that the increase in FV consumption in women with more advanced forms of breast cancer was different according to the socioeconomic status.
A recent review reported that previous prospective cohort studies conducted in cancer survivors highlighted relatively low levels of physical activity, poor adherence to dietary guidelines, and a high prevalence of overweight and obesity among these patients after treatments. 13 Weight gain and decrease in physical activity were also reported. These results are in conflict with other authors which shown that cancer diagnosis can be a teachable moment. 36 In our study, FV consumption was preferentially increased in cancer survivors than among comparable women with no cancer. Indeed, E3N-EPIC participants, who are more frequently healthconscious and educated than the general population, may have used the cancer diagnosis period and the post-treatment period to permanently improve their diet quality. Moreover, the overall observed association was actually restricted to women with advanced forms of breast cancer (stages II-IV) at diagnosis. This is in line with the results obtained in a Norwegian prospective study. 15 Due to few studies on the topic, we can only hypothesize that a more severe diagnosis may be a stronger incentive to lifestyle changes, as previously suggested. 15 In terms of cancer site, previous studies have shown that breast cancer patients seem to be especially motivated to make lifestyle changes 37, 38 and studies reported that such lifestyle changes are common in these patients. 39, 40 When considering socioeconomic factors, we observed that the increase in FV consumption in women diagnosed with breast cancer at stages II-IV was only observed in women with moderate to high level of education, women with no partner and no children, women with partner and at least one child and women living in the South, West and East of France. To our knowledge, only one prospective study previously investigated the interplay between diet changes and socioeconomic factors after cancer diagnosis. The authors did not observe any impact of socioeconomic factors on changes in vegetables and alcohol consumptions after cancer diagnosis.
14 Regarding level of education and living in the South of France, our results were in line with previous reports where both factors were associated with higher adherence to national dietary guidelines among adults. 41, 42 Furthermore, in a previous study, survivors with higher level of education reported higher adherence to the WCRF/AICR guidelines. 43 For family status and living in the West and East of France, further research should focus on understanding the pathways through which these specific socioeconomic subgroups increase their FV consumption.
Strengths and limitations
We are aware of some limitations of our study. Apart from breast cancer, the number of cases of other types of cancer prevented us from separately studying specific cancer sites. Participants diagnosed with the most advanced cancers, who might have died from their cancer before the second food frequency questionnaire were not included in the analyses. Our study is observational and therefore does not have the appropriate design to draw conclusions about what would be a relevant and beneficial increase in FV consumption. Our aim was to highlight trends in consumptions according to different groups of cancer and socioeconomic factors. Considering that the E3N women are more health-conscious and educated than the general population, our results cannot be extrapolated to the overall French population. Still, we highlighted socioeconomic inequities in this health-conscious population and therefore assume they would have been stronger in the general population where a greater variability in diet and socioeconomic environment exists.
Our study has several strengths. To our knowledge, this is the first large prospective study investigating changes in diet among people with cancer, over such a long-term period (12 years). We used dietary data collected twice at a 12-year interval from an extensive and validated food frequency questionnaire, as well as individual and contextual socioeconomic factors. Finally, our study included a large number of cancer cases, thus providing a high statistical power. It allowed for analyses stratified by stage and site, having a high number of breast cancers.
Conclusions
An increase in FV consumption was observed in women with cancer when compared to women with no cancer, especially in women diagnosed with a more advanced form of breast cancer (stages II-IV). These changes were different according to socioeconomic status. Further research is needed to better understand the pathways through which these specific SE subgroups increase their FV consumption and the differences observed according to cancer stage and site as well as how these inequities impact the long-term health after cancer.
